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7) 5}-T-|Sft 

R^.S 1 ^Oil^^e^f T'ci^tC. k t s/k t t ;&^^^-<<:^§v>^,i:;i5-£^^ 
■e^^o J: t)— ^fi^tc(±. Tk;i>-ibTk- l-\0|S|^«#ilJSk t t r ^'^i6T 
. kts/(ktt+kttr) :^^~^^^<y^|; v>i ^:75^^t£.^-r^<2>o 
[0 0 8 21 

^i^x^ri^L(oit.mW]^i-kms k (^<(Dm^. so) t(D$>\^^fz<D^itmm 

[0 0 8 3] 

kts/(ktt+kttr) :^^^£:h^<i^^\y^ t\^^^ ^tii 
®k t s-fy^^j:^^<i^^\^^o 
(Dk t t {RV^k t t r) ;&^''^>6^</h^v^o 

[0 0 8 4] 



ttliiE#2 003-31 10923 



!Wm 2002-363283 



^--y: 21/ 



<^J:9^^fW^k t s <ir^zt-/)m^tir^^:ho 

®S KT k 

(DE 1 - s a y e dilj^fflv^^o 
[0 0 8 5] 

, tfz. k t t CS-C/k t t r ) tc^-^-r^^Hi: LTti. v^;bi9>-?)B o r n - 
Oppenhe ime r &l:^^h<DirtHZ^mir tmW}^^km^Mm-r ^ 

7)^'^b>2)75^ t>-^-*)^-t<ii>k(7)Xo^J:^i^-^^k t t (S-J/k t t r) ^/h$<-t 

®Tk-Tk - 1 ^> •7-7°7(>^^>fc-?>-<<:^^v^o 
(DT k t T k - 1 orB^<^«I^lT-5^JK7&M^^v^o 
[0 0 8 6] 

l&Tfe^^^ 1 S 1 < <7)J#-^, SI) <h ^tL J: TfiO 1 mmm^ 

OT>sk (#'<<7)t#'^. SO) t<D$)\^^fz<D§^itm^'e^c^t^^ ^<D^yt(o 

[0 0 8 7] 

[0 0 8 8] 
[0 0 8 9] 

7 - 1 ) ft#'> ^ I/- V 3 > 

i<7)J;9'^TK T2. Sl;^ }^(om^\'m.(D^^-^^^~ 



ttiiiE^ 2003-31 10923 
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^-v: 22/ 



[0 0 9 0] 
[0 0 9 1 1 

u s s i a n 9 8 ^fflu^. J: 0. *Jgm-.ftii<b«iit;i5lt 

^T-iSftt'fflv^/Co *Jg^:»cS«itftii'ftlt#{i> DFT. B3LYP-7T>i^v 
3 3 - 2 1 G * -etfo fjo M)^^:tlHlt^(i. TD. B2LYPyT 

>^v3-:h;v. *JS.^3-2 IGHce^fo/Co ^<7)1^mi. ^ ^ ^ ^ft#**Jg61J 

[0 0 9 2] 

7-2) ^#:fl^53^i^|Stt(7)f?iJ<i: LT{i. J^J.T<7) J: 9 ^>6^^#x. ^*t.^o 
[0 0 9 3] 

^ c i6 (i . mi^^mm is -c ^ f^^^t- ^oiiTfc ^^^^^^ ;b ^ wlm 

[0 0 9 4] 
[0 0 9 5] 



ttlliE# 2003-3110923 
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^-v: 23/ 



[0 0 9 61 

7 - 2 - 1 ) ^^^i^mm 

7 - 2 - 1 - 1 ) ^i^<7)^#:a^j«it{±, 'p^L^m^^^i^-mm\±<r>M 

■e^boT^) J:v>o ) o 
[0 0 9 7] 

7-2-1-2) ^T-OH^ti. :i(D^'L^'W^{Z±fz^^°h:^U~i^ 3 

0 lb L u M o ^cogjfe ct ^ 1 m.mm&m^vtB:^'^ h &mms^o:>%Mmi^ifi 

[0 0 9 8] 

7-2-2) fp'L^^^ 

7-2-2-1) ^wmz^it^m-r^s 1 i^znLx^ mmcm.Mm<^mm 

[0 0 9 9] 

7-2-2-2) ^'r^i^<DT 1 -T 2 ^'^ y-f^i^^ <i-^fzt6iza^ ^^4^ 
< ^ imi^<7)4'.L^#;|5&(7)tfeSt^i3 v>T. T 1 - T 2 ^> -7 7°7i^':^ ^ ^ i: tJ^'M 

1 1 . 3 e vm±) o 
[0 10 0] 

7-2-2-3) -k^^j:T I - T 2 ^' ^ y x.^^=''L^m^<0-m t LX . 

-IS^ [I] . [II] (D^m'yJ-ymMi^is'P^L^'W^^^^h^fhix 

o 
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^-v: 24/ 



[0 10 1] 
[it 2] 



-^^^ [ I ] 




[0102] 

i^'p. Yi. Y3. Y4. Y5. Y^ii^mm^. $>^^^iimmm^. ri, 

Rgti, Mm=^. h^^^im^MJ-. ^^^^ii^1&:(DW:^&^^i^-ro R2> R3 
. R4. R5. Re. R7ii. U^^^i-^Yi. Y2> Y3. Y4. Y5. YQ^mmm 

j'om^Kimm'f: s^is^-t^yi. Y2> Y3. Y4. Y5. YQ:^mmm=F<r) 

m^izii, iiMM^. ^^v>(ieTtog|^*^^^-ro Ri. R2. R3. R4^ R 
5. Re. R7:fc=!:C/R8{i> |WI 1:T'^)o T o T v^T ^ J: v^o 

[0 10 3] 

Cn] 




ttitiE#2 003-3110923 
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^- : 25/ 



[0 10 4] 

Yi. Y2. Y3. Y4. Y5. Yeiimmm^. ^^^^^immmi-. ri. 

RsiiiiMmi^. tfzii^m.<r)m^m'km-to R2^ R3> Rs^ R6> R?'* 

^ it^is^^i-^ Yi. Y2, Y3. Y4. Y5. Ye^mmmj-<7)m^^i<zimm^. m. 
g^-^f ^Yi. Y2. Y3. Y4. Y5. Yet^^mM^<om^i>zit^ ^^M^. * 

'2)V^ite^<7)g^^^^;b1-o Ri. R2> R3> R4^ R5> Re- RjiiXVRsii 

o ) 

[0 10 5] 

^-f^eucfi. mx.i:^^ y^>^7^^y (^1-1) . 4 y^yvyy> ( 

^1-2) . -rv^>K-;i^ (^1-3) , -fv^>yvn-;u (^1-4) . 
4y^yTy (^1-5) . -f-y^uy (^2-1) . 2, 3-vliKn:h7iJ' 

uy (^2-2) ^^{i^'ffi^-t^^^^^-tL'bu^^^n^ibtt-eti^v^o 

[0 10 6] 



taiE# 2003-31 10923 
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^-v: 26/ 




5^:2-1 ^2-2 
[0 10 8] 

Z<D^ib. pm^TSM n + 2'(i^^£L. 

^ty:^y (^1-1) . 4 y^y/y ^ 
1) . -fy-r>K-;i^ (^1-3) . 




5^1-3 



t> t9) -i) =^fM-t- V > y 
> 1 - 2 ) . -f-y^uy 2 - 

pm?-75^^4 n + 2'(a-e(i^ < . \^^t)<^ 
1 - 4 ) . -r y -r ^T-'v i - 

miiE# 2003-3110923 



m% 2002-363283 



^-v: 27/ 



5) . 2, 3-'y\^Vui-y^uy (^2-2) tX^li^^mj-^m^j: '0 . 
^-eti. T 1 -T 2 ^> y ^"(i^ ^{c^^v^tJ^ ^"i^<!: LT co^^ttti^fe^^ ^ <7) 
[0 10 9] 

7-2-2-4) 4''L^#*&4'tC, ^^v^i4'.L>#i#Hit^Lr. ji«B#:m^3 
[0 110] 

7-2-2-5) T2 7&^'n 7r*i&^h^5J:9Sm*^^ffi:ig'fb-ei;6'&<b(f 
[0 111] 

5:#lt#07ti6<7)e^^tfofc^^. ft>>b#*&<50<^-e^btL(f T 1 - T 2 ^> y 
7°75^^+5j-:^§ < , tJ^oS KT 2 a^^^fo/;7t*!)tIT 1 -T 
2^> y y«/MbL/i«9. S 1 =>T 2 <h =^ o /c f -2) -S* o 

[0 1 12] 

[0 1 13] 

^^M^#9, 1 0 - vT^-^Vf-^l^TV h 9-t>, T> h ^-t><7) 1 Ofi. 9f5: 
. T> h ^-t><7) 1 Ofi. 9f4^ h >; 7 Jcr.;i/T^ >'-eaJ^L/«:tt^#:9, 10 

-V (4 - v7i^;wT 5 y ) 7 Jiy-;UT> h ^-t>, t> V^-t><Di 
. 9'fii^i/y ^>-eg|^Lfcg|^#:9, io-v(9. io--7yf- 

-5) o 



tBIE# 2003-31 10923 
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^-'7: 28/ 




[0 1143 
Ut6] 




LUMO+2:0.2481eV 

LUMO+1:-0.2728eV 

LUMO:-1.6571eV 

HOMO:-5.3477eV 

HOMO-1 :-6.6063eV 

HOMO-2:-7.0607eV 



SI - HOMO —■ LUMO- • ■ •3.4200eV 
T1 -HOMO LUMO"--1.8958eV 
T2-HOMO-2 LUMO. HOMO LUMO+2' •3.4267eV 

[0 1153 



9,10-vT'$j'V>^;UT>h^-tz> 

SI - HOMO LUMO - • • •2.9653eV 

T1-H0M0 — LUMO"-1.3113eV 

T2-HOMO-2 LUMO, HOMO LUMO+2- -3.333867 



9.1 0-v7'$J'^>5^;UT>h^-t2> 

LUMO+2:0.4052eV 

LUMO+1 :-0.0251 eV 

LUMO:-1.6360eV 

HOMO:-4.8248eV 

HOMO-1 :-6.3067eV 

HOMO-2:-6.6632eV 



lit 7} 




9,10-vT^*^>^JUT>h^-t2> 



ttliE# 2 0 0 3 



-3110923 



iS 2002-363283 



29/ 



[0 116] 




9,10-v:7x-;UT5/7>h5-tz> 



S1 -HOMO LUMO - ■ • -a-sooaev 
T1 ■ HOMO LUMO • ■ • • 1 .6842eV 
T2 H0M0-1 LUMO - -2.619067 



9.io-v:7x-;uT5>'T>h^-tz> 

LUMO: -1.9211eV 
HOMO: -4.9777eV 
HOMO-1 :-5.2905eV 
HOMO-2:-5.7112eV 

[0 1 1 7 J 

Ut9] 




9.io-i?(4-v:7x-;u7'5y):7xy— ;L.7'>h^4z> 

SI • HOMO LUMO • • • • 2.9693eV 

T1 HOMO LUMO. HOMO-2 LUMO • • 1 .8059eV 

T2 HOMO-1 LUMO- •■ -2.991467 



9,1 0-v (4- v77x - ;uTSy) :7xy— ;UT> h^-tz> 

LUMO:-1.5683eV 
HOMO:-4.9446eV 
HOMO-1 :-5.06566V 
HOMO-2:-5.23806V 



taiE# 2003-31 10923 
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30/ 



[0 118] 

iiti 0] 




9.1 0-v (9.io-vp«9^;u:7;i.;j-uy» T>h^-t2> 

9,10-v(9,10-v^^;U3';U:^-U'/»7'>h^-b> 
S1 HOMO ^ LUMO- • ■ -a.SOOBeV 
T1 HOMO — LUMO • • • • 1 .8361 eV 

T2 HOMO-2 -<■ LUMO+2. HOMO-1 — LUMO+1 -3.158667 

9,1 0-v (9,1 0-v>5^;U7;U;i|-^y» T>h^-t2> 

LUMO+2:-0.8350eV 

LUMO+1 :-0.8470eV 

LUM0:-1 .5886eV 

HOMO:-5.1912eV 

HOMO-1 :-5.9083eV 

HOMO-2:-5.9162eV 

[0 1191 
[0 1 2 01 

[01211 

5fe<7)^^!|tcov^i:. ^ilX^it<D^-:=^XS 1. Tl. T 2 co^^t/tS;6^^<!:-<7)ct 
[0 12 21 

^fih(DmX\ T 1 tTV>^±/c^Sij^H{iHOMO— L UMOc7)i[)*2T' 



I±1IE# 2003-31 1 0923 
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^-v: 31/ 



l-T2^^' •y-f(n>i^h^^Ty h^-t>t 9, 1 0 - vT r-7>f-;i/T> h^-t 

HOMO^HOMO- 2<7)^^wi/^"-M7!)^^:^§v^o Tl-T2^>-7 7' 

-;i/r^y) -7 :s-j -)\^Ty y^^y h\t. homo homo- i oj^^^;mr 

[0 12 3] 

7-3) ^^t\^x(Di: <thfz^\iz\tc 

[0 12 4] 

7-3-1) ^''L^'H-^&O T 1 - T 2 7&^' 1 . 3 e VJ^J.±^>oT^. LT<7) 
Wm^. <5f 9 V > ^ M'f^ ^ ? C O Pp^ tcMi" ^ ^ ^ {i:^T-i^It±. ^ 0 
[0 12 5] 

[0 12 6] 

[^b 1 1 ] 

R 

I 

Ar (C)n Ar 

T 

R 

[0 12 7] 

^<^J^'^{±4''L^#I&<^H0M0^ L UM0^<7)|ft,^it. gJ^^OHOMO. L 



aifE#2 003-3110923 
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^-v: 32/ 



'Oi&^^T 2 \y^}\^iy^-t^i><or-$>^t. ^i^t LX<DT 1 - T 2 ^> -y 
[0 12 8] 

X. 1 ooa^a: LT. Ti. T2. s I (Dmi&^twj^mt>^m.M(D^^^)i'^ 

2 {iHOMO- 1 -^HOMO- 2 :d^hL UMO^<Dm^. $)^^^liHOMO^-h 
LUMO+ l^LUM0+2-\O®!j^H(7)J;9tc, HOMO. L U MO iS:W(D J- 

M<^^^o —^1. T 1 C0J-^.;l/^--^^;Ki, T 1 ^^jj^l-T-i)®]*?, o^lQHO 
MO ^ L UM 0^(7)1)^, <7)$/LiSPBl<7)-x.^-;l/4^"- o^()HOMO<h 
LUMOOPbIOJ-^^I/^^'- [z^-^irho ^<D:Lti)^h. HOMO-1 
^HOMO- 2 <}: HOMO L UMO+ 1 ^ 

LUM0+2<!:L \5U0(Df^(D^^-)V^^~ V^JV^t^iK^^^T y V^-ty^d , 
1 0 - vT^'-v>^;VT> h9-t>(iT 1 - T 2 ^> y znh(Om. 
Mf^O^^^)\/^~U^)V^-fy^/h^\,^9 , 1 0 - v"7 j^ — ;i/T5 y T> h ^-feV^ 
9, 10-v (4 -V?:/ ji^^;VT^ y) -7 jc/-;1/T> h ^-feXiT l -T 2 

[0 12 9] 

HOMOtHOMO- 1. ^/Sv^tiLUMO t LUMO+ 1 <3DPB^Oa^;tw^^'- 
^>-;/7'75^^';^i^ttL{^^^^, HOMO ^ HOMO- 2. HOMO^HOMO- 
3. OFh^cT)^;^;!/^-^'^ -y -7°^^§ V^o L UMO .h L UMO + 1 <7)FH^C>a:.^Wl/ 
y 7°7&^^:^§tttL{i\ LUM0<hLUM0 + 2. LUMOi:LUM 

O + 3 <^F^oj:.;t«;w^"-^'^ y T'^):^!; v^o 
[0 13 0] 

*^6^JtC{i. HOMO i: HOMO- 1 <7)^;T-^;U^"-M75n . 3 e Y l^J.±^^y!}- 
. LUMO^ LUMO+ l<^)J^^wU:r-^;6^~l . 3 e VJ^:Jl±^;}x(i\ 1. 3eV 

ttlliE# 2 003-31 10923 
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^-z^: 33/ 



[0 1 3 1 1 

%l,it^<Dm<^')-lb. 9, 10-v(9, 1 0-i^^^)l^y)\^:^Uy>) T>h 
^-b>t;^^i^T{i, HOMO i: HOMO- 1 (D^^-^ LUMO<i: 
LUMO+ 1 <7)r^<DJ:-^^)U^-U^)ymi> 1 . 3 e VtCyS«9 ^v^tc =i)M;b'b-r\ 
1. 3 eYl^J.±(DT l-T2^^' •yy'^/)mJ^^nx\^^:ho ^tL(i. T 2 ^m^i" 
-5>i|j*e7!»i'HOMO- 1 7&-^LUM0 + 1. v^tiH OMO - 2 ^^-fb L UMO + 
2 ^<7)|aj^5-e^ 19 . HOMO t HOMO- 1 (DJ^^-^)U^^- U^)]^mtL UMO t 
LUMO+ l<Df^<DJ:~^^)]y^-U^)V^t:/)K ^^tlX. t i> iZ^^LX^^^^i)^ 

[0 13 2] 

J: ^ HOMOiiHOMO - 1 <7)i^^;W^^- i: L UMO 

i:LUMO+ l(7)PH^<7)i^wu^-^^;l/^(7)fn7&^U. 3 e VJ^JLi^tttf, 1. 3 
e vm±<5DT 1 - T 2 ^> ■;'-7°*fla#-e§>i)^i:;0-'*)^o 
[0 13 3] 

^T- ^ imi- ^ ^ t ^ o 

[0 13 4] 

^ P - V 3 > ^ ^1- ^ W.^-h^m^ L T ^ ^ . i tt^^O 

tzwim.^W}mMm.t Lx^ts'mi^^mi)mfz[zx^hfzib. ^Mmtzt^T i . 

^)^i/>{±T2. ^>?)V>{±S 1 t ^^-^Jt^yO^^^-v^o HOMO^ ^^vMiHOMO- 
:^^}\y^-m\ZYiOMO'T&m<omMi)mfzKX^ht. T1> T2. S 
1 -h^^^m^^n^m^iJ^^^^o ::.<Dt^5^^(r>^:fii)^^^^^fzt\iOMOtB. 
OMO - 1 <7)^> y y'-^^/h^ < 4- 19 . T 1 - T 2 ;6^^^^^~o T L i d o 
[0 13 5] 

7-3-2) LTOHOMO H OMO J: 19 TO^)'2>lft,3lH OMO - 

ttiiE#2 003-31 10923 
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^-v: 34/ 



n #NS^'f'i:^'t^&<0 H O M O i: SJ^*<^fLiI t (D^mi^ XoX:^^(b^Cfzt 
St)tL, HOMO, HOMO-n^'^tfi&^BtCJ:or:^^<i: LT<^T 1. T 2 75^ 
1=i;5K^tL-Cv^^J^^, T 1 -T 2^> yy°^i^^ < i: ^7t:a6t'(iHOMO t HO 
MO- n<7)J^^ol/^-:r-V < t:bZt:^^^mt L^^o O J: ^ 4^ H OM 

0^:H0M0-n<7)^^^:^§ <-t ^tzit>Kii. #em4''L>#^<7)H OMO t g 
m^<7)HOMO<h:6^'i5^L/iJ^^wU^'-P^;i/t;abl9> tJ^o, cj3'L^#*&> Si^» 

[0 13 61 

7-3-3) aifeXOHOMO W'C^-t^&OHOMO- 1 J: f9fg:< . ft^^O 
L UMOT^^^^^'L^-t^^cOL UMO+ 1 ct '9i«v>o 
[0 13 71 

7-3-4) 4^>L>#*&OH0M0tl'-}?li^l/-v3 >7{i^'^i9, HOMO- It; 
[0 13 81 

7-3-5) ff>L^#1=§<7)H0M0tl>-Kt: 3 >;6^^7^ < . HOMO-UC 

4^° 11 :x w - V 3 > ^W.l'i^z mT-^? 114* ^ a^f ^ o 
[0 13 91 

7-3-6) 4^^L^#1^&<7)LUMOtC.-^°t°^W-V3 >5{>^~^f), LUMO+ltC 
[0 14 01 

7-3-7) (t>^6#^t<7)LUMOt3.ift:^l/-V3 >7!)i^^<. LUMO+ltl 
if e ^ V - V 3 > ^ J!F.^ tc mi^#t^l4^ ^ a j^-f ^ ^ 
[01411 



ttl!E#2 003-3110923 
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^-v: 35/ 



[0 14 2] 

7-4) MW^^^Mm'^±if^fzit>^Zii 

7-4-1) ib^a^mv^J[gT-comM^^5tA:i:^^i9 AtL-ijiif^, jgflg^^^3j^ 
m<Diim^'^^ttH£k t sti—tfrM^tL^o ^ 4 ^ffi<7)^^T'{i. k t s (i 

[0 14 3] 
[0 14 4] 

[^b 1 2 1 




^4 
[0 14 5] 

o 

[0 14 6] 



mum 2003-31 10923 



#®l 2002-363283 



^-v: 36/ 



[0 14 7] 

7-4-2) El-Saye dWl^M'O X^^hm^. MiLm^M^^-t ^Jtm 
[0 14 8] 
[0 14 91 
[0 15 0] 

[<b 1 3 ] 




[0151] 

SI 3. 4887eV 
T 1 1 . 9 8 2 5 e V 
T2 3. 0407eV 
T3 3.4012eV 
[0 15 2] 

Z.<7)tM^^ HOMO. LUMO. LUMO-3. <7)^m.Mii^l^^i^iiZJt-^^^ 
;rfLit. tfzitTT *m.mii:^$)^o HOMO-l(i, ^ixh ^ . ^ 

[0153] 

Li}^\^ti:ij^h. ttCT 2<7)i^.;l/^'-^^;i/;6«S 1 J: '9f5:<> ^<Dt 

t x-ktrnMrn^m ^ i3 i ^ 



HOMO— LUMO (tt tt *) 
HOMO— LUMO {n K *) 
HOMO-1— LUMO (nTT*) 
HOMO-3 — LUMO (;r;r*) 



tiiiE# 2003-31 10923 
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^-v: 37/ 



[0 15 4] 

T 2(7)J-^^;i^^^-l^-^>'l/^S 1 J: ^) ±tcJ#o T < ^ C <!: (it- # 
[0 15 5] 
[0 15 6] 

OMOj{>^^ L UMO. *)^v^(iHOMO- 3^-^L UM0-^<7)l,^-e-ei^"Cv^;|) 
SI. Tl. T 3 li^t ^mt^-^irlz^ H OMO - 1 fb L UMO^coMjfetr 

9 -r < y r ^ V 

SI 3. 3 2 8 1 eV HOMO^LUMO (;r7r*) 

Tl 1. 9 4 7 3 eV HOMO—LUMO (;r;r*) 

T2 3. 3 9 4 5 eV HOMO-1 — LUMO (n;r*) 

T3 3. 4 4 2 0 eV HOMO- 3^L UMO (tt tt *) 

[0 15 7] 

? ^ . AimM^ ^ WLM <D ,«^. I/Z L ^ 75^^ ^ 15 1 1 tL J: V ^ o 
[0 15 8] 

'mmmsm. Ri/m6m(7:>7tm:^mLr\^-^o mi>z^ n. o. p. s^^^T^^^^tf 

;6^^LUM0^LUM0+ 1 ^ t^^<DmBiZX ^ 3mMB^^M<7)J^^-)i^^-l' 



ttilE#2 003-31 10923 
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^-v: 38/ 



[0 15 9] 
[0 16 0] 
[0 16 1] 

3o<7) s p 2 t/Ljl75»^^^T'ft&<7)^^7n^ ( h 7i^;WT^ ><7)Jt^^(i3o07 
0«^7&^^^^ L T ^ 7 ^ - ;l/*<7) p <h L T ;r .h ^ o T ^ i^-^, 
[0 16 2] 

S p 2|;iilC0 9*>2O7{|i~|^^^^^<7)a*g'a-tC. plft.il>i»^'7r«g'^tCfflV^^tl. ?S 

[0 16 3] 

[0 16 4] 
[0 16 5] 

7 - 5 ) wm'^^km. 

7-5-1) "7-2-1) <7)g|5^T=i,^^fc J: d m^t^ 
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